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HIGH VOLTAGE GaN-BASED TRANSISTOR STRUCTURE 
,00011 Thisapplica.ionc.ai.sthebenewofprovisionalpa.an.applioation 
!T-. 60/503,72, «!ed September 19, 2003, the disciosure 
is hereby incorporated by reference in its entity. 

FH rin(thg Invention 

,00021 The present invention relates to a high voltage transfer 

" t ! os«ructure, and more pa« relates to a high voltage galllun, n,tr,de 

(GaN) high electron mobility transistor (HEMT). 

Rackaround " f thp invention 

^T^u^e^N, offers substantia, opportunity to enhance 
elance of electronic devices such as high electron — — 
(HEMTs) in genera., a GaN HEMT has a Schottky layer and a GaN buffer 

on the Schottky layer. However, during high voltage/power operation, 

thereby degrading the performance of the HEMT. 

exposed to air during fabrication of the HEMT and/or during operation of the 

oxidation may occur on the surface of the SchottKy layer. These surface 
reactions may degrade the performance of the HEMT and also 
effectiveness of passivation. Passivation is the deposition of a dielectric 

on the surface of the .HEMT, thereby avoiding device degradation due to 

these surface traps such as RF to DC dispersion. 

[0 0051 Therefore, there remains a need for a high voltage GaN HEMT 

Tele inaddition.thereremainsaneedforaGaNHEMThavinga 
"llleterminationlayercapabie of preventing surface reactions during 

fabrication and operation of the GaN HEMT. 
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gummaDfoLae Invention 

"p.0061 Theprese^enbon reiates to a high voltage and h,gh power 
Uumnitride<GaN)bansistors,ruc,ure. In general, the GaN transistor 
structure includes a sub-buffer layer that sewes to prevent mjecbon of 
eiectrons into a substrate during high voitage operation, thereby „ 
performance of the GaN transistor during high voltage operation. Pr ferabiy, 
he sub-buffer layer is aluminum nitride, and the GaN transistor structure 
further inciudes a transitional layer, a GaN buffer iayer, and an aluminum 
nallium nitride Schottky layer. 

2n The GaN transistor structure may include a GaN termination layer 
deposited on the SchottKy iayer. The GaN termination layer may be 

such as oxidation, during fabrication and device operation. In addiboa h e 
GaN termination iayer serves as a reproducible terminate aye« 
increasing the effectiveness of passivation of surface traps on the surface 
the GaN transistor heterostructure. 

1 8] Those sKiiled in the art wiil appreciate the scope o, the present 
Zl and reaiize additiona, aspects thereof a«er reading the follow,, 
detai.ed deschption of the preferred embodiments ,n assocabon with 
accompanying drawing figures. 



grief nation of the Drawing Figures 

j^-^^P^ n^gTgures incorporated ,n and form ng a 

par. of this specification illustrate several aspects of the invention, and 
ol rwith the description serve to explain the principles oftheinven on. 

Lbility.ransistor(HE M T) according to one embodiment o, the present 
DetailedDesai^^ 

,0012] The embodiments set forth below represent the necessary 
Lrmation to enabie those sKilled in the art.o practice the invenbon and 
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transisto r (HEMT) 1 0 as layer 1S. 

The structural epitaxial layers 14 gp 

» ■ °" ~; 7 „. ». 

described herein as be.ng part of trie HEMT P ^ 

Scriottky layer 2 ^ 24 |ndudes 
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contact 30, which ate ohmic contacts, are more easily t 

approximately 1-2 nanometer * • Ther quantum . m echanica, 
thro ugh the GaN terminate iayer 16. Tun e "9 q ^ 
phenomenon where eiectrons can pass through a poten 

. , c inriudina Flow Modulation Organometaiuc vd M 
various methods mclud.ng (0 MVPE), 
/cm nMVPE^ Organometallic Vapor-Phase tpiwAyv 

Physical Vapor Deposition ^PVOy ^ ^ ^ GafJ 

10018) To begin the growth of si ctu ^ ^ ^ 

termination iayer 16 on the substrate 12, he nuc 

general, a lattice mismatch is createo wn h g 
av er does no, match spacing between the atom f a , a n 
I* o, the lattice mismatch, bonding between *e <««£^ > 
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a „o the subs,ra»e12 b y creating an interface between the ^-"e 
of the substrate 12 and the crystalline structure of the AIN sub-buffer 20. 
9, After depositing the nudeation iayer 18, the AIN sub-buffer laye 20 
d epo^ on the nucleation layer 1 8. As discussed above, the AIN sub- 
layer 20 serves to ^ 

on the nucleation layer 1 8, the GaN buffer layer 22 ,s deposed on the A N 
suffer layer 20, and the Al x Ga, x N SchottKy layer 24 s epos on the 
GaN buffer layer 22, The 2-DEG conduction channel, wh,ch ,s th,n, h,gh 
m0 bi.ity channel, confines carriers to an interface region illustrated by a 
H Mine between the GaN buffer layer 22 and the 
laver 24 The GaN termination layer 16 is deposited on the AlxGa«N 

"reactions, such as oxidation, during fabrication and operation o, the 

[0020] 1(> After growth of the structural epitaxial layers 14 and the GaN 
Linafion layer 16 on the substrate 12, the HEMT 10 is fabncated by 
Z , ng the source, gate, and drain contacts 26, 28, and 30, respecfively, 
on the GaN termination layer 16. Each of the contacts 26, 28, an 30 are 
liliccontacts. Preferably, the gate contact 28 is a — ^ q 

as but not limited to nickel gold, and the source and drain contacts 26 and 30, 
^vely, are each a metallic materia, such as bu, not limited to „an,um, 

^".ustratesanotherembodimentoftheHEMTIOlnth, 
: lent, ,he GaN —ion layer 16 further serves as a rep— e 

HEMT 10 is fabricated. In this embodiment, the HEMT 10 mclud s a 
aslafion ,ayer32 deposited on the GaN termination layer I Jn^ 
L passivation layer 32 is a dielectric material that passivates, or fills, surface 
taps me surface of the GaN termination layer 16, where surface traps are 

, h eGaN«erminationlaver16. The passivation layer 3 is deposed on, he 
GaN termination layer 16 before forming the contacts 26, 28, and 30. 
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EPITAXwTgROWTH CHAMBER filed on ■ " h ' ch IS 

incorporated herein by reference in its entirety. 

(Ooaa, ThosesKilledintheartwillrecognizeimprovemntsand 

Indications to the preferred embodiments of the present ,nvent,on. All such 
IP— and m—are considered within the scope ofthe 
concepts disclosed herein and the claims that follow. 



